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There 1s provided a structure capable of ensuring a bearing
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diameter side of a washer even 11 a thickness of the washer
1s suppressed. In a washer used at a fastening portion of a
vehicle, a configuration 1n which a bearing surface 1s sec-
tionalized 1nto two faces, an inner abutting face and an outer
abutting face, by an annular groove 1s adopted.
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1
WASHER AND VEHICLE STRUCTURE

TECHNICAL FIELD

The present invention relates to a washer, and a vehicle
structure that uses the washer.

BACKGROUND ART

As described 1 patent document 1, a techmique for
enhancing an operational stability of a vehicle 1s being
developed. Other than patent document 1, other techniques
for enhancing the operational stability of the vehicle can be
considered, one of which 1s to enhance the operational
stability of the vehicle by placing a relatively thick washer
at a fastening portion. The inventor of the present invention
focused on such technique, and conducted an experiment to
check how the operational stability changes when the
washer 1s mcorporated at the fasteming portion.

Specifically, the operational stability was checked for
when the washer was not used, when a washer having a
thickness of 4 mm was used, and when a washer having a
thickness of 8 mm was used. According to the experiment,
the operational stability was poor when the washer was not
used, and the operational stability was relatively poor when
the washer having the thickness of 4 mm was used. On the
contrary, satisfactory operational stability was obtained
when the washer having the thickness of 8 mm was used.

CITATION LIST

Patent Document

Patent document 1: Japanese Unexamined Patent Publi-
cation No. 2012-219841

However, a problem of weight increase arises if the
thickness of the washer 1s increased. The inventor of the
present invention thus considered obtaiming a vehicle struc-
ture that achieves a satisfactory operational stability while
suppressing the thickness of the washer. To review such
aspect, an analytical value of a bearing surface pressure was
first acquired. Specifically, analytical values for when a
washer having a thickness of 2 mm was used, when a washer
having a thickness of 4 mm was used, and a washer having
a thickness of 8 mm was used were acquired. A diameter of
cach washer 1s about 22 mm. The result 1s as shown 1n FIG.
7. A vertical axis of FIG. 7 shows a magnitude of the bearing
surface pressure at a collar end, and a horizontal axis shows
a radial length. In FIG. 7, only the analytical values at a
region that abuts against a right half side of a flat washer 101
shown 1n FIG. 8 are shown.

As the result shown 1in FIG. 7 obtained, 1t was found that
the bearing surface pressure 1s distributed so as to be high on
an 1nner diameter side and an outer diameter side when the
washer having the thickness of 8 mm was used. This leads
to increase 1n rigidity of the fastening portion. On the other
hand, 1t was found that the thinner the thickness of the
washer, the lower the bearing surface pressure on the outer
diameter side becomes. The mventor of the present inven-
tion thus considered that it 1s possible to enhance the
operational stability of the vehicle while suppressing the
increase 1n the thickness of the washer with a structure 1n
which the bearing surface pressure on the mner diameter
side and the outer diameter side of the washer can be ensured
even 1f the thickness of the washer 1s suppressed.
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2
SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

The present invention 1s contrived from such background,
and the present invention aims to obtain a structure capable

of ensuring a bearing surface pressure on an mnner diameter
side and an outer diameter side of a washer even 1f a

thickness of the washer 1s suppressed.

Means for Solving the Problems

The following means are adopted to solve the problem
described above. A first means relates to a washer used at a
fastening portion of a vehicle, the washer having a configu-
ration 1n which a bearing surface i1s sectionalized into two
faces, an mner abutting face and an outer abutting face, by
an annular groove.

A second means relates to a configuration in which a
depth of the groove 1s shorter than a radial length of the
groove 1n the first means.

A third means relates to a vehicle structure 1n which the
washer of the first or second means 1s interposed between a
vehicle component and a head of a bolt, the vehicle structure
including an annular space defined by the annular groove
and the vehicle component.

tects of the Invention

[T

In the first means, the bearing surface pressure on the
inner diameter side and the outer diameter side of the washer
can be ensured even if the thickness of the washer is
suppressed.

In the second means, the bearing surface can be section-
alized 1nto the inner abutting face and the outer abutting face
while ensuring the rngidity of the washer.

In the third means, the vehicle structure 1n which the
operational stability 1s ensured while suppressing the weight
of the washer can be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 15 a perspective view ol a washer of an embodi-
ment with a surface formed with a groove shown on an
upper side;

FIG. 2 15 a perspective view 1n which a surface opposite
to FIG. 1 1s shown on the upper side;

FIG. 3 1s a schematic view showing a relationship of the
washer of the embodiment, a bolt, and a vehicle component
(collar);

FIG. 4 1s a cross-sectional view taken along IV-1V of FIG.
1

FIG. 5 1s a partially enlarged view of region V in FIG. 4;

FIG. 6 1s a view showing a relationship between an
analytical value of a bearing surface pressure at a collar end
and a radial position of the washer for the washer of the
present embodiment and a flat washer having a thickness of
8 mm, where the analytical value 1s acquired at six points
differing in the radial direction;

FIG. 7 1s a view showing a relationship between the
analytical value of the bearing surface pressure at the collar
end and the radial position of the washer for flat washers
having thicknesses of 2 mm, 4 mm, and 8 mm, where the
analytical value 1s acquired at six points differing in the
radial direction; and
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FIG. 8 1s a schematic view showing a position relationship
of the bolt, the washer, and the vehicle component (collar)
in a test.

DESCRIPTION OF THE EMBODIMENT

A mode for implementing the invention will be described
below. FIG. 1 15 a perspective view of a washer 1 according,
to an embodiment with a surface formed with a groove 2
shown on an upper side. FIG. 2 1s a perspective view 1n
which a surface opposite to FIG. 1 1s shown on the upper
side. FIG. 3 1s a schematic view showing a relationship of
the washer of the embodiment, a bolt, and a vehicle com-
ponent 7. FIG. 4 1s a cross-sectional view taken along IV-1V
of FIG. 1. FIG. § 1s a partially enlarged view of region V 1n
FIG. 4.

As shown 1n FIGS. 1 and 2, the washer 1 of the present
embodiment has a doughnut shape with a pass-through hole
02 at a center of a disc as a basic form, and has a
configuration in which an annular groove 2 1s formed on one
surface. The washer 1 1s used at a fastening portion 98 of the
vehicle, and includes the annular groove 2 on a bearing
surface 3 that abuts against the vehicle component 7. The
bearing surface 5 1s sectionalized 1into two regions, a region
on an mner diameter side and a region on the outer diameter
side, by the annular groove 2. The region on the inner
diameter side of the annular groove 2 1s an inner abutting
face 3 that abuts against the vehicle component 7, and 1s
configured to a planar shape. The region on the outer
diameter side of the annular groove 2 1s an outer abutting
face 4 that abuts against the vehicle component 7, and 1s
configured to a planar shape.

As shown 1 FIG. 3, a load 1s applied from a head 61 of
a bolt 6 toward the vehicle component 7 with respect to a
vehicle structure 8 fastened with the washer 1 interposed
between the vehicle component 7 and the head 61 of the bolt
6. Since the load 1s not transmitted to a region not abutting
against the vehicle component 7, an annular space 93
defined by the annular groove 2 and the vehicle component
7 does not become a transmission path of the load and only
the mner abutting face 3 and the outer abutting face 4
become the transmission path of the load. Therefore, the
load 1s propagated so as to be dispersed to the inner abutting
face 3 and the outer abutting face 4 of the washer 1.

In the washer 1 of the present embodiment, a surface on
the side opposite the surface formed with the groove 2 1s not
formed with an annular groove, and has a planar shape from
the outer diameter side to the inner diameter side. At the
outer diameter end of the washer 1, chamiering 1s performed
on the surface formed with the groove 2 as well as the
surface on the opposite side thereof.

As can be understood from the 1llustration 1n FIGS. 4 and
5, the washer 1 of the present embodiment has a depth 1d of
the groove 2 configured shorter than a radial length 1w of the
groove 2. Therefore, the bearing surface can be sectionalized
to the inner abutting face 3 and the outer abutting face 4
while ensuring the rigidity of the washer 1. In the present
example, a ratio of the depth 1d of the groove 2 and the radial
length Iw of the groove 2 1s set to be 1n arange of 2:5 to 1:4.
Furthermore, the washer 1 of the present embodiment is
configured such that an area of the inner abutting face 3 is
greater than an area of the outer abutting face 4. A radial
length I of the mner abutting face 3 1s configured to be
longer than a radial length lo of the outer abutting face 4.
The radial length lw of the groove 2 1s configured to be
shorter than a length (l1+1o) of the radial length 11 of the 1nner
abutting face 3 and the radial length lo of the outer abutting
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face 4 combined, and the ratio of Iw and (li+lo) 1s set to be
in a range of 1:2 to 1:3. The radial length lw of the groove
2 of the present embodiment 1s configured to be shorter than
the radial length 11 of the 1inner abutting face 3, and config-
ured to be longer than the radial length lo of the outer
abutting face 4.

Example

A relationship of usage and operational stability of the
washer 1 at a fastening area of an nstrument panel reinforce
and a body of the vehicle was evaluated. Each washer 1 1s
made of metal, and has a diameter of about 22 mm. A collar
was used for the vehicle component 7 that abuts against the
washer 1, and a flange bolt was used for the bolt 6. A
diameter of the pass-through hole 92 of the invention was
7.3 mm, the radial length l1 of the inner abutting face 3 was
3.2 mm, the radial length Iw of the groove 2 was 1.7 mm, the
radial length lo of the outer abutting face 4 was 1.5 mm, and
the depth 1d of the groove 2 was 0.5 mm. The evaluation
result 1s shown 1n Table 1.

TABLE 1
FLAT FLAT
WASHER WASHER INVENTION
HAVING HAVING HAVING
NO THICKNESS THICKNESS THICKNESS
WASHER OF 4 mm OF ¥ mm OF 4 mm
EVALU- X A o o
ATION

The operational stability was poor when the washer was
not used, and the operational stability was relatively poor
when the flat washer having a thickness of 4 mm was used.
Satisfactory operational stability was obtained when the flat
washer having a thickness of 8 mm was used and when the
invention in which the annular groove 2 1s provided on the
bearing surface 5 of the washer having a thickness of 4 mm
was used. That 1s, satisfactory operational stability could be
obtained while suppressing the increase 1n the thickness of
the washer by using the present invention. Furthermore, as
the thickness of the washer can be suppressed, the weight of
the washer 1 and the bolt 6 can be suppressed, and further-
more, a space required for the fastening area can be sup-
pressed.

The result of analyzing the bearing surface pressure at the
collar end (end of vehicle component 7) 1s shown 1n FIG. 6
for the present invention having a thickness of 4 mm and for
the flat washer having a thickness of 8 mm. FIG. 3 1s a
schematic view showing a relationship of the washer 1, the
bolt 6, and the collar (vehicle component 7) of the embodi-
ment. As can be understood from the matters shown 1n FIG.
6, the bearing surface pressure of the present mvention
having a thickness of 4 mm showed a distribution similar to
the flat washer 101 having a thickness of 8 mm. Further-
more, as can be understood by comparing the matters shown
in FIGS. 6 and 7, variation in the bearing surface pressure 1s
suppressed in the present mvention compared to the flat
washer 101 having the same thickness. Moreover, the bear-
ing surface pressure of both the outer diameter side and the
iner diameter side of the washer 1 can be ensured.

It was also found that when the washer 1 of the present
embodiment 1s used, deterioration of a member on the other
side abutting against the bearing surface 5 1s suppressed
compared to when the normal flat washer 101 1s used.
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The present invention has been described above with
regards to the embodiment, but the present invention 1s not
limited by the embodiment, and various modes can be
adopted. For example, the area to use the washer 1s not
limited to the fastening area of the mstrument panel rein-
force and the body, and can be used at each area.

The washer does not need to have both surfaces cham-
tered. A mode 1n which both surfaces are not chamifered may
be adopted, or a mode in which only one surface 1s cham-
fered may be adopted.

The position, width, and length of the groove, the thick-
ness of the washer, and the like are not limited to the
configuration of the embodiment. For example, the position
of the groove may be at substantially the center of the
surface making contact with the member on the other side.
In such a case, the radial length of the inner abutting face and
the radial length of the outer abutting face become substan-
tially the same.

DESCRIPTION OF SYMBOLS

1 washer
2 groove

10

15

3 inner abutting face
4 outer abutting face

5 bearing surface

6 bolt

7 vehicle component
8 vehicle structure
61 head
93 space

The mnvention claimed 1s:

1. A washer used at a fastening portion of a vehicle,
comprising a bearing surface sectionalized into two faces, an
iner abutting face and an outer abutting face, by an annular
groove that 1s provided on only one side of the washer, a
depth of the groove 1s configured to be shorter than a radial
length of the groove and a ratio of the depth of the groove
and the radial length of the groove 1s set to be 1n a range of
2:5 to 1:4.

2. A vehicle structure in which the washer according to
claim 1 1s mnterposed between a vehicle component and a

20 head of a bolt, the vehicle structure comprising:

an annular space defined by the annular groove and the
vehicle component.
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